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Lessons arising from recent exploration  





interna<onal	 minerals	 explora<on	 best	 prac<ce.	 The	 geology	 and	 geophysics	 were	 well	




with	 two	 geothermal	 projects	 in	 the	 region.	 Although	 the	HiTech	AlkCarb	 team	had	 been	
me<culous	to	apply	mining-related	best-prac<ce	to	public	and	official	interac<ons,	they	had	
not	 realised	 the	depth	of	 feeling	and	 loss	of	 trust	 caused	by	 the	geothermal	projects	–	 in	
effect,	 the	 social	 licence	 for	minerals	 explora<on	 drilling	 had	 been	 lost,	 and	 could	 not	 be	
regained	during	this	project.	The	lesson	here	for	expansion	of	mining	or	geothermal	energy	








locality	 can	 leave	 a	 legacy	 that	 adversely	 affects	
percep<ons	 of	 any	 future	 drilling	 schemes	 regardless	 of	
their	scale	or	purpose.	
All	 drilling-related	 projects	 (geothermal,	 mining	 or	
research)	should	be	seen	to	be	adop<ng	high	standards	of	
good	 prac<ce,	 both	 technical ly	 and	 in	 public	
communica<on.	 This	 is	 essen<al,	 not	 only	 for	 legisla<ve	
compliance	but	 to	gain	and	maintain	public	 goodwill,	 i.e.	
the	social	licence.	
Once	 the	 social	 licence	 has	 been	 lost,	 technical	
explana<ons,	 such	 as	 illustra<ons	of	 the	different	 drilling	
techniques	 and	 geological	 se\ngs	 that	 were	 relevant	 in	









geology	 and	 geophysics	 and	 aerial	 geophysical	
surveys	 at	 Kaiserstuhl,	 southwest	 Germany	 to	
inves<gate	 the	 characteris<cs	 and	 structure	 of	 the	
area’s	 carbona<te	 and	 alkaline	 rocks.	 These	 rocks	
are	of	interest	because	of	their	poten<al	as	hosts	for	
rare	 earths	 and	 other	 technology-related	 elements	
that	 are	 essen<al	 for	 use	 in	 the	 development	 of	
environmentally-responsible,	 high-tech	 applica<ons	
such	 as	 electric	 cars,	 wind	 turbines	 and	







‣ Step-change	 in	 exploraBon	 geo-models	 for	
alkaline	and	carbonaBte	provinces.	
‣ State-of-the-art	 interpretaBon	 of	 high	 resoluBon	
geophysics	and	downhole	measurement	tools.	
‣ Twelve	 partners	 from	 industry,	 geological,	
geophysical	 and	 environmental	 companies,	 as	
well	as	universiBes	and	geological	surveys.	
‣ Seven	 key	 natural	 laboratories	 including	
Kaiserstuhl,	 Germany,	 the	 main	 focus	 of	
geophysical	research.
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Kaiserstuhl	case	study	location		
The	Kaiserstuhl	is	located	in	the	southwest	of	Germany,	in	
the	 d i st r i c ts	 o f	 Emmendingen	 and	 Bre isgau-
Hochschwarzwald	in	the	province	of	Baden-Wür^emberg.	
It	 is	 an	ex<nct	 volcano,	which	erupted	15.5	million	 years	
ago	during	the	Miocene	geological	period.	 It	 is	formed	of	
carbona<tes	 and	 alkaline	 rocks,	 unusual	 rocks	 that	 are	
important	 because	 they	 are	 the	 main	 source	 of	 cri<cal	
elements	such	as	rare	earths	and	niobium.		
The	Kaiserstuhl	area	was	considered	to	be	an	ideal	natural	
laboratory	 for	 the	 HiTech	 AlkCarb	 project.	 As	 well	 as	
offering	 an	 established	 body	 of	 literature,	 the	 area	
benefits	 from	easy	 access,	 has	 a	well-preserved	 range	of	
volcanic	rocks,	an	ac<ve	aggregate	quarry	and	other	small	
quarries	from	earlier	niobium	explora<on.	
The	ecological	 importance	of	 the	area	 is	well	 recognised.	
Unique	ecosystems	thrive	in	the	warm	climate	and	in	the	
fer<le	 loess	 soil	 covering	 part	 of	 Kaiserstuhl.	 Numerous	
Designated	 Conserva<on	Areas	 (DCA),	 ranging	 from	60	 –	
70	hectares	each,	and	many	other	smaller	DCAs	have	been	
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For	 the	 environmental	 and	 social	 impact	 assessments	 of	
its	 planned	 research	 in	 Germany,	 the	 HiTech	 AlkCarb	
project	followed	best	prac<ce	gained	from	its	explora<on	
experience	 in	 Namibia.	 This	 involved	 more	 emphasis	 on	
public	consulta<on	than	is	required	by	German	legisla<on.		
In	compliance	with	German	legisla<on,	prior	to	
commencement	 of	 the	 studies,	 in	 April	 2016,	
permit	 applica<ons	 to	 conduct	 the	 ground-
based	 geological	 fieldwork	 and	 geophysical	
surveys	 were	 submi^ed	 to	 the	 Regierungs-





All	 permits	 were	 granted	 except	 the	 drilling	
permit	 (see	 Drilling	 permission	 granted	 with	
condi<ons).	The	applica<on	to	fly	 the	airborne	
geophysical	 survey	 was	 submi^ed	 to	 the	
avia<on	authority	on	5th	October	and	granted	
on	10th	October	2016.	
Mee<ngs	 with	 the	 Mayor	 and	 heads	 of	 the	
councils	 of	 Vogtsburg	 Municipality	 were	 held	
from	 April	 2016,	 when	 the	 project	 was	
introduced,	 and	 con<nued	 during	 2017	 to	 provide	
progress	 reports.	 There	 was	 strong	 local	 representa<on	
and	 knowledge	 in	 the	 HiTech	 AlkCarb	 team.	 The	 lead	
partner	 for	 the	 geophysics	 and	 drilling	 was	 a	 local	





for	 the	general	public	of	 the	Kaiserstuhl	area.	A	 series	of	
brief	 summaries	 of	 project	 ac<vi<es	 was	 placed	 in	 the	
local	press,	covering	researching	the	geology	of	the	area	in	




Further	 public	 engagement	 was	 facilitated	 by	 an	 Open	
Day,	 with	 ac<vi<es,	 posters	 and	 short	 films	 about	 the	
project,	 organised	 at	 the	 Naturzentrum	 Kaiserstuhl	 in	
Ihringen	 village	 in	 October	 2017.	 The	 research	 team	
introduced	the	general	use	of	rare	earth	
elements	 (REE),	 the	 importance	 of	
carbona<tes	 as	 hosts	 for	 REE	 deposits	
and	 explained	 to	 the	 public	 audience	
how	the	project	would	further	scien<fic	
understanding	of	geological	processes	at	
Kaiserstuhl.	 Events	 offered	 during	 the	
day	included	ac<vi<es	for	children.		














In	 September	 2007,	 seven	 140	m	 deep	 geothermal	 bore	
holes	 were	 drilled	 at	 the	 town	 of	 Staufen	 im	 Breisgau	
(25km	 from	 Kaiserstuhl)	 to	 establish	 borehole	 heat	
exchangers	 for	 the	town	hall.	 	 In	one	of	 the	boreholes,	a	
technical	 problem	 permi^ed	 water	 to	 enter	 layers	 of	
anhydrite.	The	anhydrite	reacted	to	form	gypsum	and	this	
reac<on	 can	 lead	 to	 a	 c.60%	 increase	 in	 volume	 of	 the	
rock.	 Weeks	 a]er	 drilling	 was	 completed,	 the	 ground	
swelled,	causing	the	ground	surface	of	the	town	centre	in	
Staufen	 to	 li]	at	 rates	up	 to	10mm/month,	and	up	 to	26	
cm	 in	 some	places.	 Seven	years	 later	 in	March	2014,	 the	
infla<on	appeared	to	have	stopped. 
h^p://www.staufens<]ung.de/risse-chronik.html	
Unfortunately,	 250	 buildings	 in	 the	 historic	 town	 centre	
have	 been	 affected.	 The	 company	 responsible	 for	 the	
drilling	 ceased	 trading	 and	 responsibility	 for	 the	 costs	 of	






2006/2007.	 Several	 small	 earthquakes	 of	 between	
magnitude	 3	 and	 3.4	 were	 felt	 in	 the	 surrounding	 area.	
Following	this	induced	seismicity	with	a	total	of	more	than	
200	 earthquakes	 of	 magnitude	 greater	 than	 0.9,	 a	 risk	
assessment	 resulted	 in	 the	 project	 being	 halted	 in	 2009.	
Geopower	 Basel	 AG,	 the	 company	 responsible	 for	 the	
drilling,	 paid	 compensa<on	 to	 affected	 owners,	 and	 also	




















The	 Landratsamt	 Breisgau-Hochschwarzwald	 granted	
permission	for	a	research	drill	hole	in	August	2017	on	the	
condi<on	 that	 the	Municipality	 of	 Vogtsburg	 also	 agreed	
to	 the	 drilling.	 The	 Municipality	 s<pulated	 several	
condi<ons	 of	 its	 own.	 One	 of	 these	 condi<ons	 was	 that	
the	applicant	was	to	be	liable	in	the	long	term	for	making	
good	 any	 damage	 caused	 by	 the	 drilling	 and	 would	
therefore	 be	 required	 to	 take	 out	 an	 insurance	 policy	 to	
cover	 any	 claims	 arising.	 Of	 par<cular	 concern	 was	
poss ib le	 damage	 or	 nega<ve	 effects	 on	 the	
‘Neunbrunnenquelle’	 (a	 spring	 in	 the	 valley	 south	 of	 the	
Badberg)	 and	 the	 presence	 of	 a	 sewage	 pressure	 line	 in	
the	area,	and	 these	were	 to	be	expressly	 covered	by	 the	
insurance.	 The	 Mayor	 requested	 that	 HiTech	 AlkCarb	
acquired	 a	 10-year	 insurance	 policy	 to	 cover	 any	 and	 all	
possible	project-related	impacts.		
Even	though	a	posi<ve	response	to	our	project	had	been	
received	 from	 the	 local	 community,	 and	 despite	 all	
permits	 for	 the	ground	and	aerial	 surveys	being	 in	place,	
the	 poor	 experiences	 and	 problems	 associated	 with	 the	
drilling	 episodes	 at	 Staufen	 and	 Basel	 caused	 local	
poli<cians	 to	 insist	 that	 this	 addi<onal	 insurance	 was	
necessary	to	cover	the	perceived	risks	posed	by	even	the	
small-scale	 research	 drill	 hole	 that	 we	 were	 proposing.	
However,	insurance	for	this	risk	is	not	readily	available.			
As	 a	 result,	 in	 October	 2017,	 the	 project	 team	 took	 the	
decision	 not	 to	 drill	 at	 Kaiserstuhl.	 Fortunately,	 the	
combina<on	of	 the	 discovery	 during	 fieldwork	 of	 an	 old,	
but	 s<ll	 open,	 drill	 hole	 at	 the	 site	 (see	 Figure	 1b),	
together	with	new	results	 from	a	project	partner’s	ac<ve	
















A	process	 that	 involves	drilling	deep	down	 into	 the	shale	
layers	 that	 contain	gas.	A	water-sand-chemical	mixture	 is	
injected	 into	 the	 rock	under	high	pressure	 to	 release	 the	
gas,	allowing	it	to	rise	to	the	head	of	the	well.		
Basel	Geothermal	Drilling 
Deep	 drilling	 for	 direct	 heat	 and	 electricity	 genera<on.	
Pressurised	 water	 is	 circulated	 through	 the	 rock	 several	
kilometres	underground	to	absorb	the	heat	and	extracted	
back	up	the	outer	walls	of	the	drill	hole	or	via	another	drill	





Geothermal	 shallow	 boreholes	 for	 borehole	 heat	
exchangers	 (BHE)	 equipped	 with	 ground	 source	 heat	
pumps.	 Pressurised	 water	 is	 circulated	 through	 one	 or	
more	shallow	drill	holes	to	absorb	the	heat	from	the	rock.	






core	 are	 extracted	 for	 tests	 and	 the	 void	 is	 used	 for	







































Public	 percep<on	 of	 experiences	 and	 issues	
associated	with	 geothermal	 projects	 also	 extends	
to	 mineral	 explora<on	 projects.	 Therefore,	 all	
georesources	 projects	 	 -	mining,	 quarrying,	 deep	





The	 early	 stages	 of	 all	 scien<fic	 research	 and/or	
explora<on	 projects	 should	 include	 appropriate	
public	 consulta<on,	 outreach	 and	 a	 socio-
economic	 assessment	 of	 the	 area.	 Our	 project	 is	
an	example	of	good	prac<ce	in	this	respect,	except	





Assets	 from	 earlier	 field	 work,	 such	 as	 research	
infrastructure	 of	 drill	 holes	 as	 well	 as	 the	 drill	
cores,	 should	be	 retained	 for	 possible	 future	use.	
This	 project	 benefited	 from	 the	 fortuitous	
discovery	 of	 an	 old,	 uninten<onally	 open,	 drill	
hole.		
It	 may	 be	 preferable	 that	 research	 projects	
involving	 ac<vi<es	 perceived	 as	 being	 high	 risk,	
such	 as	 drilling,	 should	 be	 undertaken	 by	 a	
government	 ins<tu<on,	 such	 as	 a	 university	 or	
na<onal	 geological	 survey.	 These	 ins<tu<ons	 are	
automa<cally	 insured	 in	 some	 countries,	 such	 as	
Germany.	An	alterna<ve	solu<on	is	for	projects	to	
collaborate	 with	 ac<ve	 explora<on	 projects	 that	




to	 regain.	 Examples	 of	 posi<ve	 outcomes	 from	
georesources	 projects	 are	 required	 in	 south	west	
Germany	 to	 allay	 public	 scep<cism	 and	 restore	
confidence.
